Conclusions-In aortic stenosis, incoordination causes a fall in LV peak Vcf proportional to the increase in systolic wall stress, and thus modifies the standard LV force-velocity relation to mimic depressed contractility. However, incoordination and subsequent ventricular dysfunction were largely reversible once the aortic stenosis had been relieved. (Heart 1996;76:495-501) 
Abstract
Objective-Tension development is often incoordinate in the hypertrophic left ventricle (LV). The present study aimed to elucidate the possible effects of incoordination on standard LV force-velocity relations in patients with aortic stenosis (AS). Design-Prospective study during aortic valve replacement with transoesophageal cross sectionally guided M mode echocardiogram, combined with high-fidelity LV pressure recorded by pressure transducer tip catheter, and thermodilution cardiac output. Setting-Tertiary cardiac referral centre. Patients-37 patients (mean (SD) age 63 (12) ) years were studied before and 20 hours after aortic valve replacement. Main outcome measures-LV function was assessed regionally by peak velocity of circumferential fibre shortening (peak Vcf), mean systolic wall stress, and peak myocardial power; and globally by LV stroke work index. LV coordination was quantified as cycle efficiency, derived from LV pressure-dimension loop (lower normal limit > 76%). Results-22 patients with a coordinate LV had significantly higher peak Vcf (1.85 (0 47) v 1'46 (0.64) s-') peak myocardial power (20.8 (8 5) v 12*0 (6.1)mW.cm- 3) and global stroke work index (440 (155) v 325 (150)mJ.m-2) than those of 15 patients with an incoordinate ventricle, all P < 0*05; though there was no significant difference in LV end diastolic dimension, mean systolic wall stress, LV mass index, or the incidence of coronary artery disease (P > 0 05, respectively). Furthermore, when contraction was coordinate, mean systolic circumferential wall stress correlated inversely with peak Vcf (r = -0.71) and positively with peak myocardial power (r = 0 83), both P < 0.01. When contraction was incoordinate, these correlations did not apply; instead peak Vcf (r = 0.65) and peak myocardial power (r = 0'73) both correlated positively with cycle efficiency (P < 0-02 and 0.01, respectively). By 20 hours after surgery, values of cycle efficiency, peak Vcf, and myocardial power were indistinguishable in the previously coordinate and incoordinate groups.
Conclusions-In aortic stenosis, incoordination causes a fall in LV peak Vcf proportional to the increase in systolic wall stress, and thus modifies the standard LV force-velocity relation to mimic depressed contractility. However, incoordination and subsequent ventricular dysfunction were largely reversible once the aortic stenosis had been relieved.
(Heart 1996;76:495-501) Keywords (10) year, P < 0 01) than those without. At similar end diastolic dimension (4 3 (0 7) v 46 (0 9) cm, P = NS) and mean systolic wall stress (170 (75) v 180 (80) g.cm-2, P = NS) coronary artery disease had no consistent effect on peak Vcf, peak myocardial power, global stroke work index, or cycle efficiency (table 2) .
Effects of incoordination on systolic functionStepwise regression analysis was used to define the independent effects of systolic wall stress and cycle efficiency on myocardial systolic function in each group. In the 22 patients with coordinate ventricular contraction, peak Vcf was inversely and peak power directly proportional to mean systolic wall stress, with no additional influence of cycle efficiency detectable (table 3; figs 1, 2, and 3) . Conversely, left ventricular stroke work, reflecting global fimction, was unrelated to mean systolic wall stress but correlated significantly with 28 Calculation of wall stress based on Laplace's law has well recognised limitations, particularly in the presence of hypertrophy, when wall thickness is large compared with cavity dimension. Our use of Falsetti's method in this study was based on the close relation between major and minor ventricular axes, and justified in a previous study." 5 As there was no difference in minor dimensions between the two groups, systematic error is unlikely to have been significant. The same applies to any effect of overestimation of the circumferential fibre shortening velocity from endocardial measurements. 29 The lower limit of normal range we used for cycle efficiency, 76%, was based on previous studies. However, our conclusions would not have been altered by taking any value in the range of 70-76%. The position of the transoesophageal echo transducer was checked with respect to mitral valve anatomy on the two dimensional display, so possible transducer displacement was minimised. The reproducibility of computer digitising has been reported elsewhere,'6 and is adequate to support our conclusions with the sample size we used. Finally, the present study was designed to investigate the consequences rather than the causes of ventricular incoordination. Statistically though neither coronary artery disease nor major conduction abnormalities were significant causes.
CLINICAL IMPLICATIONS
Left ventricular dysfunction remains an important cause of morbidity and mortality in patients with aortic valve disease, so its successful management is likely to improve surgical outcome, particularly in high risk cases. A reduction in myocardial shortening velocity that is inappropriate for the level of afterload present with aortic stenosis is usually interpreted as being caused by severely impaired myocardial contractility, and thus theoretically may be a high risk condition if surgical option is considered. However, our results suggest that this picture may be associated with significant incoordination, which responds well to surgical treatmnent. It is by no means certain that the optimal medical management of incoordinate contraction is the same as that of uniformly depressed myocardial contractility. Indeed, there is every prospect that inhomogeneous myocardial disease may respond to a positive inotropic drug in such a way as to make the inhomogeneity worse.28-30 Ventricular hypertrophy remains a major cause of heart failure; recognition of the role of ventricular incoordination in such patients may avoid inappropriate drug treatment and may form the basis for deriving more successful approaches to its management.
